Anthropometric measurements, e.g., body weight (BW), body mass index (BMI), as well as serum prostate-specific antigen (PSA) and percent-free PSA (%fPSA) have been shown to have positive correlations with total prostate volume (TPV). We developed an equation and nomogram for estimating TPV, incorporating these predictors in men with benign prostatic hyperplasia (BPH). A total of 1852 men, including 1113 at Tokyo Medical and Dental University (TMDU) Hospital as a training set and 739 at Cancer Institute Hospital (CIH) as a validation set, with PSA levels of up to 20 ng ml 21 , who underwent extended prostate biopsy and were proved to have BPH, were enrolled in this study. We developed an equation for continuously coded TPV and a logistic regression-based nomogram for estimating a TPV greater than 40 ml. Predictive accuracy and performance characteristics were assessed using an area under the receiver operating characteristics curve (AUC) and calibration plots. The final linear regression model indicated age, PSA, %fPSA and BW as independent predictors of continuously coded TPV. For predictions in the training set, the multiple correlation coefficient was increased from 0.38 for PSA alone to 0.60 in the final model. We developed a novel nomogram incorporating age, PSA, %fPSA and BW for estimating TPV greater than 40 ml. External validation confirmed its predictive accuracy, with AUC value of 0.764. Calibration plots showed good agreement between predicted probability and observed proportion. In conclusion, TPV can be easily estimated using these four independent predictors.
INTRODUCTION
Benign prostatic hyperplasia (BPH), defined as a diagnosis based on the occurrence of benign prostatic enlargement, in combination with lower urinary tract symptoms and bladder outlet obstruction, has been considered as a chronic and progressive disease.
1 Baseline total prostate volume (TPV) has been linked to the progression of BPH (e.g., acute urinary retention and surgery for BPH). 2, 3 Drugs known as 5a-reductase inhibitors could decrease these risks and are therefore preferentially used in men with large TPVs. 4 TPV estimations are important both for understanding the natural history of each BPH case and for determining the most appropriate initial treatment for each individual patient. [2] [3] [4] Measurement of prostate-specific antigen (PSA) levels has revolutionized the diagnosis of prostate cancer (PCa). However, serum PSA, although highly sensitive, is organ-specific and not cancer-specific, thus resulting in difficulties in discriminating malignant from benign prostatic tissues. PSA velocity has also been reported to have limitations in the prediction of PCa. 5 Even in patients with PCa, serum PSA reflects benign portion volume, as well as cancer volume, especially in lower PSA values. Therefore, serum PSA adjusted for non-cancer volume has been reported to have a positive association with pathology and biochemical recurrence. 6 Of course, in men with clinical and pathological BPH, serum PSA has been reported to show a positive correlation with TPV across different races. Therefore, serum PSA has been accepted as a proxy parameter of TPV among men with BPH. Moreover, some investigators have reported that free PSA (fPSA) and percent-fPSA (%fPSA) outperform PSA as predictors of prostate enlargement without PCa. [7] [8] [9] Previous studies have consistently shown that increased adiposity, as determined by various anthropometric measures, such as body weight (BW), 10 body mass index (BMI) [10] [11] [12] and waist circumference, 10, 11 is positively associated with transrectal ultrasound-and with magnetic resonance imaging-measured TPV.
Although there are several predictive models estimating clinical prostatic enlargement based on levels of PSA or PSA derivatives, [6] [7] [8] [9] [10] [11] [12] [13] Jacobson et al. 13 recently reported that age and weight can be incorporated into models based on serum PSA levels to achieve greater accuracy when estimating TPV. However, predictive models including anthropometric measurements have never been investigated in Asia.
Based on these considerations, we developed a predictive model that incorporated age, PSA, %fPSA and anthropometric measures to estimate TPV, and we constructed a nomogram that represents an easy and minimally invasive tool for estimating clinical prostatic enlargement.
MATERIALS AND METHODS

Study subjects
A total of 2042 Japanese men who were pathologically proved to have BPH by transrectal ultrasound-guided systematic extended biopsy protocols, including three-dimensional 26-core, 22-core and 14-core biopsies 14 at either Tokyo Medical and Dental University (TMDU) Hospital or Cancer Institute Hospital (CIH) between 2000 and 2010, were enrolled in this study. This study was approved by the institutional review board of each institution. Men who were diagnosed with PCa at repeat biopsy during the follow-up were excluded from the study. When a previous biopsy had been performed elsewhere, histological slides of the previous biopsy were reviewed by pathologists at each institution. Patients with PSAo20 ng ml 21 were excluded from the study to minimise the possibility of including patients with PCa. We also excluded patients with histories of 5a-reductase inhibitor treatment, recurrent urinary tract infections or transurethral surgery, and those whose BW or height had not been recorded. The remaining 1852 men, consisting of 1113 patients at TMDU and 739 at CIH, constituted the current study cohort.
Baseline data information PSA, fPSA, urinalysis, and digital rectal examination (DRE) were evaluated. Tandem R (Hybritech, CA, USA) was used until February 2003, and thereafter Tosoh II (Tosoh, Tokyo, Japan) was used at TMDU; Tandem R was used until July 2003, and thereafter AxSYM (Abbott, IL, USA) was used at CIH for PSA evaluation. Based on transrectal ultrasound measurements using a 7.5-MHz transducer at the time of the biopsy, we calculated TPV using the ellipsoid formula (p/63width3height3length). Anthropometric measurements, including BW, height, BMI and body surface area (BSA), were also determined in all of the men. BMI was calculated as the weight divided by the square of the height. BSA was calculated as BW We used only the latest biopsy data for each patient. Because of skewed distributions, PSA, %fPSA and TPV were log-transformed in all of the analyses. Using data from the TMDU cohort as a training set, we performed least-squares regression to estimate TPV based on PSA alone.
Creation of the equation for predicting prostate volume
To determine the significance of the various factors-age, PSA, %fPSA, BW, height, BMI, BSA and all two-way interactions-a multivariate backward stepwise regression analysis was used. Starting with all of the terms in the model, the least significant terms were sequentially removed until all of the remaining terms were statistically significant. Then, the equation to estimate TPV was derived. To identify the best model, Fvalues were set up with ,2.000 to remove and o2.000 to enter.
The Akaike information criterion (AIC) was used to select the best model for estimating TPV. The AIC is defined as follows: AIC5223maximum log likelihood123number of parameters in model. 16 The formula with the smallest AIC indicated the best model. The equation derived based on the data from the TMDU training cohort was used to estimate TPV in the CIH validation cohort. Linear regression R values from the training set were compared with the R values for prediction in the validation set.
Creation of the nomogram for predicting clinical prostatic enlargement (TPV.40 ml) We developed a nomogram for predicting TPV greater than 40 ml using the data from 1113 men treated at TMDU (training set), and we validated the nomogram using the data from 739 men treated at CIH (validation set). The main advantage of the nomogram instrument is that clinicians can assess BPH risk on an individual basis and make management decisions. This cut-off point has been used in previous studies, not only for Western populations 17, 18 but also for Asian populations. 7 Using the TMDU data set, significant and independent predictors of TPVs greater than 40 ml were identified by univariate and multivariate analyses using a backward stepwise logistic regression. Incorporating all of the significant predictors, a logistic regression-based nomogram was developed. The predictive accuracy of the nomogram was quantified with the area under the receiver operating characteristics curve (AUC). Performance characteristics were examined using calibration plots. The extent of overestimation or underestimation was explored graphically using local regression nonparametric smoothing lines.
Data analysis
All of the analyses were performed using JMP software, version 8.0 (SAS Institute, Cary, NC, USA), and S-PLUS software, version 8 (TIBCO Software, Palo Alto, CA, USA). The difference between AUC values assessed using ROCKIT 1.1B2 software (Chicago University, Chicago, IL, USA). All calculated P values were two-sided, and P,0.05 was considered statistically significant.
RESULTS
The baseline characteristics of the training and validation sets are presented in Table 1 . The training cohort had lower PSA (P50.0002), BW (P50.0047), height (P50.032), BMI (P50.036) and BSA (P50.0026) than the validation cohort. There were no significant differences in %fPSA or TPV between the two cohorts.
As shown in Table 2 , a multivariate backward stepwise regression analysis, based on the data from the training set, identified age (P, 0.0001), PSA (P,0.0001), %fPSA (P,0.0001) and BW (P,0.0001) as independent predictors of TPV.
Based on the above result, we developed the equation estimating TPV as follows: log(TPV)50.388910.34533log(PSA)10.34603 log(%fPSA)10.00403age10.00373BW (final model). The multiple correlation coefficient (R) of the equation was 0.60. When estimating TPV by PSA only, R was 0.38.
The prediction R value applied to the validation set in the final model was 0.57.
The formula incorporating PSA, %fPSA, age and BW predicted TPV most accurately; this was followed by the formula incorporating PSA, %fPSA and age; the formula incorporating PSA and %fPSA; and the formula incorporating PSA alone, yielding AIC values of 9436.5, 9480.6, 9492.3 and 9720.5, respectively. Age (P50.0002), PSA (P,0.0001), %fPSA (P,0.0001) and BW (P,0.0001) were identified as statistically significant and independent predictors for the TPV grater than 40 ml based on the training set data ( Table 3) . Based on the training set data, we developed a logistic regression-based nomogram (Figure 1) incorporating age, PSA, %fPSA and BW with AUC value of 0.772. When predicting TPV greater than 40 ml by PSA only, the AUC value was 0.657. The AUC values for the final model were significantly higher than the model incorporating PSA only.
External validation confirmed the predictive accuracy of the nomogram, which yielded AUC values of 0.764. The calibration plots of the nomogram indicated good agreement between the predicted probability and observed proportion of TPV (Figure 2 ).
DISCUSSION
In this study, using TMDU cohort (training set), we developed an equation for estimating TPV and a nomogram for predicting clinically
significant TPV (.40 ml) in Japanese patients with biopsy-proven BPH. Actually, the addition of %fPSA, age and BW to serum PSA increased the correlation coefficient with TPV from 0.38 to 0.60. The AUC values of the nomogram from 0.657 to 0.772 (P,0.0001). The above results were externally validated with good agreements using CIH cohort (validation set). As far as we know, this is the first study to introduce a nomogram as a tool with which to predict clinically significant TPV throughout the world. In the current study, we confirmed the significant correlation between PSA and TPV in patients with biopsy-proven BPH. Serum PSA has been accepted as a proxy parameter for TPV in different populations with similar results. [18] [19] [20] [21] [22] [23] The serum PSA-TPV relationship curve in the current study was somewhat similar to those in previous studies in Asian populations.
22,23 Therefore, we believe that our data can be considered representative for Asian populations.
It has been shown that a lower %fPSA enhances the detection of PCa in patients with PSA levels between 4 and 10 ng ml -1 . 24 In contrast, in our BPH cohort, %fPSA was positively associated with TPV, and the use of both %fPSA and PSA further enhanced the predictive accuracy of TPV compared to the use of PSA only. Ornstein et al. 8 reported that among 70 men with biopsy-proven BPH, %fPSA, but not PSA, was significantly correlated with TPV in patients with PSA levels ranging from 2.6 to 9.9 ng ml 21 , indicating a predictive role of fPSA for TPV. Mao et al. 7 reported that fPSA was a more accurate predictor of TPV than PSA in 286 Chinese men with biopsy-proven BPH. In the current study, the correlation coefficient of the formula incorporating PSA and %fPSA with TPV (R50.56) was equal to that of the formula using only fPSA with TPV (R50.56). However, fPSA seems to provide additional information that helps to discriminate between benign and malignant disease in daily practice. Therefore, for the prediction of TPV, a combination of PSA and %fPSA seems to be more practical than fPSA alone.
We also investigated the correlations between anthropometric measurements and TPV. Previous studies have consistently shown that increased adiposity, as determined by various anthropometric measurements, such as BW, 10 BMI 10-12 and waist circumference, 10, 11 are positively associated with TPV. We confirmed that among BW, height, BMI and BSA, BW was the most powerful independent predictor of TPV after adjustment for PSA, %fPSA and age using a backward stepwise regression model and that no combination of anthropometric measurements was superior to BW alone. Based on the aforementioned results, we established an equation consisting of PSA, %fPSA, age and BW. Jacobson et al. 13 already reported an equation incorporating PSA, age and BW for predicting TPV in Western populations. It seems practical to be aware of the usefulness of clinically convenient data, such as age and BW, to manage BPH, irrespective of race.
Some researchers reported mechanisms between obesity and TPV. One explanation is systemic inflammation. Obesity and metabolic syndrome are associated with systemic inflammation and oxidative stress. BPH in surgical specimens is associated with inflammation, and the extent and severity of inflammation correspond to the amount of prostate enlargement. Thus, it is possible that systemic inflammatory mediators and oxidative stress related to obesity promote prostate growth. Wu et al. 25 reported that prostate hyperplasia caused by an immune inflammatory process might contribute to BPH progression. Another possible explanation is that sex steroid hormone levels change due to obesity. Increased adiposity promotes increased aromatisation of circulating testosterone into oestrogen; such shifts in the balance between testosterone and oestrogen in prostate tissue may contribute to BPH pathogenesis. 26 Recently, obese men have been reported to have larger plasma volumes, which could decrease their serum PSA levels. This effect, known as haemodilution, could lead to lower PSA levels in obese men. 27, 28 Thus, it is likely that if serum PSA is the same between obese and non-obese men, then the prostatic tissue in the former group will release more PSA protein than that in the latter group. Thus, the relationship between serum PSA and TPV must be affected by obesity. Obesity is apparently more common in Caucasian men than in Japanese men. 29 Therefore, racial differences in obesity status might explain the higher levels of serum PSA per unit of TPV in Japanese vs. Caucasian American men in addition to the different cellular composition of BPH, with a higher glandular component and a lower stromal component in Japanese men. The inclusion of anthropometric parameters in the estimation of TPV might be useful for estimating TPV, especially in groups with a wide range of body size or among different ethnicities. Because the degree of prostatic enlargement that results in BPH progression-defined as a relatively high International Prostate Symptom Score, acute urinary retention, or the need for surgeryvaries from study to study, we evaluated the ability of a new formula incorporating age, PSA, %fPSA and BW to predict prostatic enlargement at a relatively wide range of levels, namely, a TPV.40 ml. For this range of prostate sizes, receiver operating characteristics analysis confirmed that the new formula outperformed PSA alone in its ability to predict clinically significant prostate enlargement. Based on the above results, we constructed a new nomogram for predicting BPH. There has been no previous establishment of nomograms that estimate prostatic enlargement associated with BPH.
This study was based on cross-sectional findings; further longitudinal studies should be performed to clarify the impact of anthropometric measurements on TPV.
To our knowledge, our current cohort is one of the largest Asian ones on the association of PSA or PSA derivatives with prostate volume in biopsy-proven BPH. Our analysis was limited to biopsy-proven BPH cases. The median PSA (6.3 ng ml 21 ) in our cohort was higher than normal, although the possibility of concomitant PCa seems to be decreased by extended prostate biopsy as much as possible. Therefore, we acknowledge that this is a limitation of the applicability of our data to the general Japanese population with clinically diagnosed BPH. However, patients with elevated PSA and negative extended biopsies, irrespective of lower urinary tract symptoms, can be expected to develop bladder outlet obstruction. 30 Thus, biopsy-proven BPH cohorts, including ours, should be checked more closely in functional studies.
CONCLUSIONS
We developed a novel prostate volume-estimating equation and a nomogram incorporating age, PSA, %fPSA and BW based on a cohort with extended biopsy-proven BPH. TPV can be easily estimated using these four independent predictors. Figure 1 Logistic regression-based nomogram predicting TPV.40 ml. The probability that prostate volume is greater than these cut-off points (P) is given by the formula P51/(11exp(Y)), where Y5214.15013.8373log(PSA)14.5593 log(%fPSA)10.0403age10.0433BW. To obtain the predicted probability of prostate volume, locate the patient values on each axis. Draw a vertical line upward to the 'Points' axis to determine the points of the variable. Add together all of the points for all variables, and locate the sum on the 'Total points' axis. Draw a vertical line down to the 'Probability of TPV.40 ml axis to find the patient's probability. BW, body weight; PSA, prostate-specific antigen; TPV, total prostate volume; %fPSA, percent-free PSA. Figure 2 Calibration plots with non-parametric smoothing lines. X-axis represents the nomogram-predicted probability of TPV, and y-axis represents the observed proportion of TPV. Perfect predictions correspond to the 45u line. Points established below the 45u line correspond to nomogram over-prediction, whereas points situated above the 45u line correspond to nomogram underprediction. TPV, total prostate volume. A novel equation and nomogram for estimating prostate volumes Y Nakanishi et al 706 AUTHOR CONTRIBUTIONS YN designed the study, performed the statistical analysis and wrote the paper; HM made substantial contributions to the conception and design of the study and to the interpretation of the data; SK, MS, YF, KS, FK, MI, JY and IF participated in critically revising the paper for key intellectual content; and KK participated in designing the study, interpreting the data and critically revising the paper for key intellectual content. All of the authors read and approved the final manuscript.
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